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Outline

@ Rare B decays to search for NP
e Effective approach

* Energy scale

® b — suu at LHCb
o b — suu and B, —» u™*u~ branching ratios

o B" - K*u* i~ angular analysis

® Lepton Universality tests
e Electrons vs muons at LHCb

o Experimental results (Rg, Rg+, R, )
® Prospects
» B" — K*eTe™ angular analysis

e With Run 2 data on tape

e With upcoming upgrade

Martino Borsato - Heidelberg U. 2



b — s£¢ transitions

b t S b
> \ > \ F_I_ >
W W

A M
=

® b — s is a golden channel

o Flavour-changing b — s neutral current
o Forbidden at tree-level in SM — BR of 107% — 107!¢

e New physics contribution can be same order as SM
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Energy scale

/S“’(; (ﬁt»w
/L\ Effective-Hamiltonian approach
b s b s
N ¢ #e=-2 ey coth
N /l eff — — 1671-2 th Y ¢ i i+ .C.
NP enters here Operator encoding
C = Cl-SM + CNF Lorentz structure

® b — s is loop and CKM suppressed in the SM

@ New physics may share these features or not
— different energy reach

( AnV2Mw 36 TeV (generic tree level),

96\/_\/ [ Vip Vs

Anp X 4 /|CNP 1~ 2Mw__ — 9T k1l

NP X 1/ |Co 10 \ Vvl eV  (weak loop),

| V2Myr /e = 400GeV  (MFV, weak loop).

— more on the interpretation of b — s£¢ in Aritra Biswas talk
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b — s transitions

courtesy of D.Straub

bi(r) LR br(L) 2.9
4G ¢ corne. % 00, -
o \/5 1672 VY, 2 e >L(R) bR SL(R) LR
. . b
@ Relevant dimension-6 operators: )
()
e Four-quark operators 07 = !
(entering through hadronic effects) °L(R)
 Dipole operators C()
(constrained by radiative decays) Decay ¢ ¢ ) el
e Semi-leptonic operators Co(), C1o(") B — Xsy X
— main interest for NP searches B — K*y X
B — X {0~ X X X
B—KXetem X X X
Bs — utu~ X X
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q2 Spectrum

TS)

dI'/dg? |
h(25)

Photon pole /

for B — Vuu

C9’ ClO

+ long-distance c¢¢

No photon pole
for B — Puu

q*> [GeV?]
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The LHCb experiment



The LHCDb experiment

@ LHC pp collisions at 7-13 TeV
o Huge pp — bbX cross-section of order mb
o Large background o(inelastic) =~ 2000(bb)

@ LHCb optimised to select b-hadrons

o In the forward region of pp collisions

» Where most of bb are produced
o Low-pr triggers with calo and muon-ch.

» Running at lower luminosity w.r.t. ATLAS/CMS
o Identify displaced b-hadron vertex

» Leveraging large boost in forward region

* Precise momenta with spectrometer

» Separate partially reconstructed b-hadron decays

Martino Borsato - Heidelberg U.
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The LHCDb experiment

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

2018 (6.5 TeV): 2.19 /fb
2017 (6.542.51 TeV): 1.71 /fb + 0.10 /b
2016 (6.5 TeV): 1.67 /fb
2015 (6.5 TeV): 0.33 /fb
2012 (4.0 TeV): 2.08 /fb
2011 (3.5 TeV): 1.11 /fb
2010 (3.5 TeV): 0.04 /fb

LR

Integrated Recorded Luminosity (1/fb)
o —_ N w B (&)} (o)} ~ 0] [{e}

Raml~d e

: o rua~eib

® Excellent performance in g
LHC Run 1 and 2 :_201oi 2011i 2012i 201i3 20i14 2i015 i.’2016 i2017' 2018

Year

» About 10'? bb in the acceptance
Phys. Rev. Lett. 122 (2019) 191801

LHCb

—— Data
—— Total fit

------------ Total R =1
------ B*— K*utu~
Combinatorial

al
-

e Recorded world-largest sample
of b — suu decays

W W
)
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~ 2000 BY - Ktutu~
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Anomalies in b—suu



Branching ratio measurements

dB/dg? in exclusive b—suu seems to undershoot SM predictions

e Theory uncertainties ~20-30% (hadronic form factors)

o Pattern is coherent, but predictions uncertainties are correlated

o Inclusive B = X puu measurement very hard at LHCb

': 9 j ¥ i ) ¥ | i | ) ) ) Lo | :l 9 j ¥ ) ) ! ) ) ' i | i ) ) | e |
w; o BY — K*Outp— LHCb 3 I3 N; 8. BY — putuT LHCb 3 o
(GD) 7E ISM pred. 9\ (8 7E ISM pred. :'\
oS - = Data O oS E = Data LO
o 6:—_’_ — o 6:——’— —
= s < = sE &
v’ & 3 f N S
3 = q4 2 = E
3 3E —{— q < 3E —{— 4 <
0 IR T i o ENT
QT% | §_ [Eur.Phys.J.C75(2015)382] _% T Q‘[@ : %_ [PRD89(2014)094501} _% T
) 0§ _[J_HE_P(_)8(|20_16)O§_)8]_ N | i . &) 05 _[J_HE_P(_)8(|20_16)098]_ 1 -, 1
= 5 10 15 =2 5 10 15
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Lo L LA A LA L B ew! L A L L B Lean L B AL B AL B B
_ B I s o)
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o LHCb § © LHCb § 9 15 LHCb <
< ] < < —
Q ] Q O [ 1o
X — X — X - 1N
0 ] 0 0 10; ~ I~
= . ES EI + S
— + . — . —— 1
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= 1 = 1 B —4- 1T
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LHCb, PRL 118 (2017), 191801
L I e T A

O [ T T T T =

NQ 35F Total -

E 30 = LHCb — =B - ptu” 3

0 - _

= = BDT > 0.5 === B = u'u 3

25t 4 e Combinatorial -

BO =z Y | — B. — h™h' 3
P d £ 20 F 0 e
N N & RO

S 151N Py B =

s B N] St - Ay, = PV, =

© 10 = B¢ = Jhpu'v, B

)

+ box diagram with neutrinos 5600 5800 6000

m . _[MeV/c?]
un

® Purely leptonic B,y — u"u~ decay
o Same diagrams as b — suu (rotated)
e Much smaller BR because of helicity suppression

e More precise predictions because of uu final state

o Theoretically clean probe of C;, Wilson coefficient

» Will be a key player to understand the anomalies in the near future
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B, — u"u~ LHC combinatio

LHCb-CONF-2020-002

@ Latest BR predictions have precision at 4-5% level:
B (B » ptu~) = (3.66£0.14) x 10~
% (B - pu~) = (1.03£0.05) x 10717
Beneke et al JHEP 10 (2019) 232
® ATLAS+CMS+LHCb combination: > 1o deviat
0 +.-) — +0.37 -9 -10 deviation
B (BS —HH ) o (2’69—0.35) X 10 compatible with
B (BO — ,M+M_> <1.9%x 107 at 95% CL other anomalies

ATLAS CMS, LHCb - Summer 2020 6 AT LAS CMS LHCbD - Summer 2()20

N [ / | l L :l \ T I T ] N ]
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+§: 04 :—/,/ / /,; AN o —Cgmbined E 10 E_ —E
] / N \-_\ ~ -
1 03 z— Iy N = 8 —
2 -/ Y/ o A W\ ] - .
2 o02F (/7 4 W\ oF E
BRI/ R 4F T
014 | LA A - .
A X AR 2 =
[ W \ pog [ L ]
0E . LN a1 C : ]

] 2 5 0 4

0 - -9 ;

B(B; — u*u~) (107) BB — utu-) (107)
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BY - K*u*u~ angular analys

o B - K¥(K*n )utu~ gives
4-particle final state with rich
structure

® Angular analysis in fine bins of g°
performed with 6/fb
(~4600 signal candidates)

® Kinematics defined by 3 angles

e Complicated description

Martino Borsato - Heidelberg U.
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PRL 125(2020)01 1802
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d(lF +T)/dq? dg?d cos Oxd cos 0, d¢ B

9
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LHCb 2016 -
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[PRL125(2020)011802]
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® Measure 8 angular observables in 8 g bins

@ Deviations at 1-2 sigma level observed in some observables
— is it simply look-elsewhere effect?

Lr:] L e B R T ]
C LHCb Run 1 + 2016

0.3~ ﬁ% ) SM from ASZB ]
0.6 + ¢ ]

——

04 E——
F% 2 _ Bz
02F = S -
0_ L P P T R
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@ — T T 1 ' " T T T T
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-0.5 .
L 1 L L N 1 1 L L
0 5 10 15
q* [GeV?/c4]
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BY - K*u*u~ angular analy

PRL 125(2020)01 1802
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BY — K*u*u~ angular analys

@ Global fit of Wilson coetficients seems to indicate a pattern

@ Deviations are best explained by a shift in Cg
* They agree between Run 1 and 2016 data

o Different observables give a coherent picture

— 2.0
== Run 1 2 FL
357 == 2016 D E— )
Run 1 + 2016 \Q—)/ 1.5 7 - FB

30 - - S .

1.0 | {5 > > [/ T S

< 5
N —— Run1+ 2016 | &
Q 0.5 1 =k
%D 20 T — 8
] 0.0 A =3
8
—0.5 1 8,
10 A ?\1’
~1.0- &
- X LHCb LHCh 3
4 Cl z
SM flavio v2.0.0 —1.51 flavio v2.0.0 —

0 -
T T T T T T T _20 : | ,
—2.0 —1.5 —1.0 —-0.5 0.0 1.0 1.5 2.0 -20 0.5 1.0 15 20
ARe(Cy) ARe(Cy)

@ Community has critical look on c¢ loop mimicking NP effect in Co
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Lepton universality tests



LU test in b—sCC: uvs e

@ Can use b—s£7 to test for LU-violating effects of New Physics
@ Rare b—s¢¢ with £=1 are not observed yet

B(B — K™ pupu)

@ Can compare BR with =y and e : Ry = BB = Kee)

e LU QCD uncertainties completely cancels in the ratio

e Largest uncertainty remaining is 1% due to QED corrections

(taken into account with PHOTOS, but with approximations)
Bordone, Isidori, Pattori EPJC(2016)76:440

® Previous tests at B-factories not very sensitive

@ LHCb has much better sensitivity, but electrons challenging

e Selection, bremsstrahlung, resolution, modelling

Martino Borsato - Heidelberg U.
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ere— at LHCDb: Selection

e Electrons at LHCb: Hardware trigger at LHCb:
e Being light, they are produced in a o pr(u*)>15-1.8 GeV
plethora of decay channels e E(e*)>2.5-3.0 GeV
» Trigger on large e*/h*energy deposit on
calorimeters

e Electron ID relies on calorimeter for
suppression of @ mis-ID Electron ID at LHCDb

e Large combinatorial background:
machine-learning based classification
using kinematics info and isolation

® Muons trigger and ID is easier
e Selection more efficient by factor ~3
N(BJr — K+,u+,u_)
N(B* > Kteter)

Phys. Rev. Lett. 122 (2019) 191801 Int.J.Mod.Phys. A 30, 1530022 (2015) E / p(j

Martino Borsato - Heidelberg U.

- | - i I L il Il L L [l
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2

19



ete— at LHCDb: Bremsstrahlung

Recover brem

® Boosted B from LHC collision

o Most electrons emit hard
bremsstrahlung photon

e If emitted before the magnet it
affects the momentum measurement

@ Brem-recovery algorithm searches
for compatible deposits in the
calorimeter LHCb, JHEP 08 (2017) 055

e Recovery efficiency is limited
(but well reproduced in simulation)

e ECAL resolution is worse than
spectrometer (1-2% vs 0.5%)

Martino Borsato - Heidelberg U.
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ete at LHCb: Resolution
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N
-
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—4— Data
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B*— K" ete”
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Phys. Rev. Lett. 122 (2019) 191801

*
*
-
-
x| 1
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—4— Data

—— Total fit

Total R, =1
B'— K'u*u~
Combinatorial

0 5200

PR B
5300 5600

5400
m(K*u*u-) [MeV/c?]

5500

@ Background with missing pion due to mass resolution

@ Combinatorial background is larger (many electrons)

@ Signal mass shape controlled with J/yr — e*e™ channel

Martino Borsato - Heidelberg U.
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ete~ at LHCb: Modelling

Phys. Rev. Lett. 122 (2019) 191801

@ Use double ratio:
R — B(BT=Ktutu~™) B(BT=KtJhp(ete™))
K = BB SKT I (ntn))  B(BT=Ktefe-)

Nt pt = NK+J/¢(6+6_)€K+J/¢(M+M_)T Cktete—
K+am(utp—) Nr+ete— CKtutu— l€K+J/tb(e+e_)

N

— cancel systematics

~1.10
@ Crosschecks universality of QCD in c¢ resonances s [
S - Also check ry, differentially LHCb
B<B+—>J/l//( — putu”) K+> ~105)
ry = = 1.014 = 0.035 =0
W B (Bt > Jhy (— eter) K¥) ~ ~]— ................. % ............................................ } .....................................
@ Can also test that Rk measured at the 1(25) is 1 + +
— checked with 1.3% precision 0951
090 =01 02 03 04 05

dilepton opening angle [rad]
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Rrresult

® Measured with 2011-2016 dataset
(5/fb at vs=7, 8 and 13 TeV)

@ Measured central g2 region [1-6] GeV?2

® Yield of ~766 BT — K eTe events
(vs ~1943 in B* - K*u*u™) driving
the total uncertainty:

o 7% statistical error vs 2% systematic

® Ry is found to be lower than 1 by ~15%
o Still compatible with the SM at 2.50
level

Martino Borsato - Heidelberg U.

« 20
LHCDb
1.5 |
| 0 Fr————
S 3
! = BaBar
0.5 — 1 A Belle
i e LHCb Run 1 + 2015 + 2016
O.O""I""I""I""I"'
0 5 10 15 20
g2 [GeV?/c*

Phys. Rev. Lett. 122 (2019) 191801

_ +0.060 +0.016
Rig =0.846 © 0.054 — 0.014
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R+ result

RK*O — <

2.0 I I I I

<
@ Similar deviation was observed S .
in R+ using Run 1 data -
@ Precision of ~17% in both bins, statistically LOT
dominated i
® Upcoming Run 1 + Run 2 update expected 0o
to reduce uncertainty by factor ~2
0.0

Martino Borsato - Heidelberg U.

| 0.69 T o0or (stat) +0.05 (syst) for 1.1

LHCb, JHEP 08 (2017) 055

(0.66 * 031 (stat) £ 0.03 (syst) for 0.045 < ¢® < 1.1 GeV?/c

< q¢? <6.0 GeV?/ct

[ ro [ [
L
_.+ ....................................................... _
- ® LiCh
a @ BaBar -
- LHCb A Belle ]
I RN R NN NN NN RO SN N (N RN TR TR S NN SR R B
5! 10 15 20
¢ [GeV?/c']
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LU test 1n baryons

LHCb, JHEP 05 (2020) 040

@® NeW test Of LU ln Ab e pK_f_i-f_ §14OE_ h — Ay = pKpwtu ]

O r LHCb C(?mbina:tOfia}r ] E

« Using Run 1 + 2016 dataset (4.7/fb) = 120f | e

. . 21007 ]

@ Similar physics as Ry and % sof -
=) C

o Different final state and selection g o0F ]

. . o [ _

 Different backgrounds and systematic O :

uncertainties . il _ ]

054 5.6 5.8
@ Crosscheck using A, — pK™J/y mpK ") [GeV/e?]

T I T T T T I T T T T I T T T

e Ag —pKetew 4
Combinatorial
LHCb Ag — pK nlete” .
BB A - pK Ty
BB - KK ete
[ ] B' =K e

@ Measured phase space region:
e m(pK~) > 2.6 GeV
o 0.1 < g? < 6.0 GeV?

RPK‘O.1<q2<6GeV2/c4 — 0-861L8:E + 0.05

—_ N NN W WA N
h © L © L O W

Candidates per 50 MeV/c?

[E—
wm O
TTTTTTTTT

o

P S T S N T aan
5 55 6
m(pK ~e*e”) [GeV/c?]
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A coherent pattern?

@ LU deviations (theoretically clean) are consistent

with b—sup BR and angular analyses if NP only in p

Coeff. Best fit lo 20 Pull
G —0.97 [—1.12, —0.81] [—1.27, —0.65] 5.90
Com +0.14 [—0.03, +0.32] [—0.20, +0.51] 0.80
Bl +0.75 [40.62, +0.89] [40.48, +1.03] 570
Clhom —0.24 [—0.36, —0.12] [—0.49, +0.00] 2.00
CoHH = i +0.20 [40.06, +0.36] [—0.09, 40.52] 1.40
el ol —0.53 [—0.61, —0.45] [—0.69, —0.37] 6.60
Chsee +0.93 [+0.66, +1.17] [+0.40, +1.42] 3.50
Clhsee +0.39 [+0.05, +0.65] [—0.27, +0.95] 1.20
Chsee ~0.83 [—1.05, —0.60] [—1.28, —0.37] 3.60
Cibsee —0.27 [—0.57, —0.02] [—0.84, +0.26] 1.1o
chsee = chsee —1.49 [—1.79, —1.18] [—2.05, —0.79] 3.20
chsee = —hsee +0.47 [+0.33, +0.59] [+0.20, +0.73] 3.50
(Cf;”‘“ = —Cff’““‘) x GeV —0.006 [—0.009, —0.003] [—0.014, —0.001] 2.80
(C’bs’“‘“ = c’bs‘“‘) x GeV —0.006 [—0.009, —0.003] [—0.014, —0.001] 2.80

S P

Martino Borsato - Heidelberg U.
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A coherent pattern?

@ LU deviations (theoretically clean) are consistent
with b—sup BR and angular analyses if NP only in p

Aebischer et al, Eur. Phys. J. C (2020) 80:252

0.0 SM * flavio

LU b — sCC tests
b — suu observables
Global fit

—— NCLFU observables 30

194 —— b—sup & corr. obs. lo
—— global 10, 20
—1.5 —1.0 —0.5 0.0 0.5
Could be mimicked

univ. . _
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Prospects



¥
BY — K*e*e™ angular analys

_Rund

ol (b) LHCb |

® Angular analysis at very low g*

]
o

e Aim is to measure b — sy*

(22}
o

B B — (K0X)e*e

Candidates / (40 MeV/c?)
3

e No sensitivity to Lepton Universality

N
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(@)
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o
(@)
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e Lower background made analysis

. ° 0 : - ' - A n i
4500 5000 5500 6000
possible already in Run 1 0 rere et

@ New Run 2 analysis showcases the Run 1+2 :
great improvements in the LHCb > F T —] ¢

E 100 —_ pre 1m:1nary q ; _____ BO_>K*Oe+e_ _— >

analyses of b — see S F tom | |z

° ° : 80 '_ - MOdel i i - B%K*Oﬂe*'e_ _— IB

@ Next step is to extend the analysis & - AN R
° o 60 __ E .'. 1 i -~ L e+e_y __ S

to higher g° values and compare to 3 F ] Mekeeen] 2
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muons O i g i AR 1%

20 TS 4
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0 ---.-----""'—’." ; o JM §
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BY - K*ete

LHCb-PAPER-2020-020 (in preparation)

Measurement of b — see angular Most precise measurement (red area)
observables at very low g~ (red point) of b — sy photon polarisation
1.0
1.0 :
flavio v2.0.0
0.8
0.6 I
<3 o
0.4 F S
. ~— ;
——— Prediction B" — K*u*pu~ 6\ F B § e e e W s A
Prediction BY — K*eTe™ ~—
0.2 4 LHCb (4.7/f) B — K*u* - =
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l l l l l l
0% 1 2 3 4 5 6 —0.5 - BB X
2 2 - — Xg7Y
q [Gev ] B? - ngofy
— B, — ¢y
—— BY 5 K*0ete™
=== Global
—1.0 T f T
—1.0 —0.5 0.0 0.5 1.0

Re(C7%/C7)
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Upcoming Run 2 analyses

Prospects for muons

@ Updates with full Run 2:
e« By — utu™
o B - K*utu~
o By —> ¢pu"u
@ New analyses:
o Bt = K*+M+Iu—

o Search for B - K*t7t~

Martino Borsato - Heidelberg U.

Prospects for LU tests
Ry precision 9fb~ ! %
Ry 0043 [
Ry 0052
R, 0.130 -
R, 0.105 3
R 0.302

® Also several LFV
searches (e u~, u*r7)
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LHCb upgrade

LHCb Upgrade I—° o——LHCb Upgrade Il —

~1 visible
interaction

LHCb—

Runt -Runz —m TN )
LS3
Lin= 10" InjectoIFuSF?gra o L2xt0e——  HEHCS s r~50f" L§4 £=1-2X 10%— LS5 —>Liy= 300 b
Phase 2 upgrades
mnmmw 202 | 2022|2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 MMMMI“M’

T LHCb Upgrade | LHCb Upgrade I: incremental

Installation starts

improvements/prototype detectors See ICHEP talk by Federico

® Preparing upgrade for LHC Run 3 and 4
e Higher luminosity — collect 50/fb by the end of Run 4
e Upgrade to maintain performance and improve trigger

capabilities

® Upgraded LHCDb detector:

e More precise vertexing and tracking systems
o Completely new readout system: throughput of 32 Tbps
e Full software trigger on 500 modern GPUs

Martino Borsato - Heidelberg U.
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Prospects for LU tests precision

Bifani et al, ].Phys.G 46 (2019) 2, 023001

0.30 — , , , CERN-LHCC-2018-027

]
- Belle — I Rg = 2'5: S B B B
] Belle — I Ry, S -~ SM ' ]
0.25 — LHCb Rx B Y 2:_ ------- scenario Il B
LHCb Ry, < 1 5:_ — — scenario | E
*? 0.20 = — LHCb R, i . ]
s — LHCb Ry 1 =
S - .
= 0.15F — - s
T 0 oF .
S Outdated Belle II schedule - .
2 0.101 ~ OF =
A C i
0.5 -
0.05 — 1: ]
OOO I I | | | _1 .5_ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]
2015 2020 2025 2030 2035 -3 -2 ~1 0 1
Year ARe C9
Ry with 7% precision /
using data up to 2016

A between e
and y modes
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Summary

@ Anomalies in the b — s£¢ sector are still interesting

» Are we seeing a coherent pattern of anomalies?

@ More data needed to solve the puzzle
e Upcoming analyses of Run 2 data (on tape)
e Upcoming LHCb upgrade (starting data-taking in 2021)
* Other experiments: Belle II, CMS, ATLAS

@ Stay tuned for new results

Martino Borsato - Heidelberg U.
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BY - K*ete™: Angular analysis
LHCb-PAPER-2020-020 (in preparation)

@ Folding ¢ angle to simplify

the 3D angular expression:
(

5= 4 ¢ it ¢ >0
g+ mifg<0
1 Yr+T
= A+ 1) ~:i[%(l—FL)Sin20K+FLCOS29K
d(l +T)/dg? dg? dcos Oy dcos O d¢p 167

—l—%(l — F1,) sin® @ cos 20, — F1, cos® Ok cos 26,

B’ — K*y photon polarisation: +(1 — FL)AR® sin® O cos 0,
A = |Are) | e'Pru), tany = ‘AR/AL‘ —I—%(l — FL)A(T2) sin’ 0 sin’ 0, cos 2q§
: 1 Im _i..2 .2 o aT
A{?) ~ sin(2y)cos(¢; — Pp), +5(1 — Fr)A7" sin” Ok sin” 0 sin 2gz5] .
A%m ~ sin(2y)sin(¢; — Pr),
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BY — K*ete™: Control channel

LHCb-PAPER-2020-020 (in preparation)

> : . -

o B’ — K*yhas much larger BR %: ZZS 3 L;ICE . :ehniinary ':EZK*OY E
» Same final state as B — K*e*e™ when y C\: s00 |~ Model . I Bk "y E
converts to ete™ in the material % 400 _ B Bk y) _

» Can be well separated with material veto :‘% 300 - O BO%K:O”O(V "3
and cut on m(ete™) > 10 MeV O 200E , Ll =

100F I —

o Use B" — K*y as control for BY — K*ete™ Hoo 5000 5500 6000
 Very similar signal shape and background mK ee) [MeV]
composition to signal S o

o Fit m(K*n~e*e™) distribution to validate 8 HsoF E
signal fit (found 2950 BY — K*y candidates) é 200 _ _

o Fitted F; to cos Oy found to be compatible § < _ _
with 0 with sub-percent precision

— due to real y, longitudinal polarisation 105 E
fraction Fj is expected to be zero >0 o

I 05 o0 05 1
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BY —» K*eTe™: Angular fit

LHCb-PAPER-2020-020 (in preparation)

@ Fit to B mass and angles
* In reduced mass region

e Semilept+combinatorial
(SL/C) modelled using
B — K*u*e™ data
candidates

o Other backgrounds from
simulation

o Fit procedure thoroughly
tested with pseudo-
experiments

Martino Borsato - Heidelberg U.
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BY — K*ete™: Results

(28 MeV)? < g% < 0.257 GeV?

% F, = 0.044 £ 0.026 + 0.014
Z | A= -0.064£0.077 £0.015
2 2 0.016
= AP = +0.106 +0.103%45
2| AIm=40.015%+0.102+£0.012
S ——
1.0
flavio v2.0.0 (arXiv:1810.08132)
081 \
)
0.6
&
0.4
——— Prediction B" — K*utp~
~——— Prediction B" — K*ete~
0.2 4 LHCDb (4.7/fh) B" — K*u*u~
- LHCb (9.0/fb) B" — K*ete~
OO ] ] ] ] ]

0 1 2 3 4 5 §
¢ [GeV7]
LHCb, PRL 125(2020)011802
LHCb-PAPER-2020-020 (in preparation)
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LHCb-PAPER-2020-020 (in preparation)

® Main systematics from signal
acceptance and angular background
modelling

@ Statistical error still dominates

® Measurements of F; and
ARE = %AFB(I — F}) are also interesting
in the context of BY — K*u™u™ angular

analysis anomalies (see David'’s talk)
LHCb, PRL 125(2020)011802

@ The analysis prepares the ground for
lepton universality tests in the angles

® Aéz) and A™ are sensitive to C,

\» next

slide
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The first Rx+ bin

@ Favoured region of g2 is [1.1-6]
 Far from photon pole and from J/i tail

e Sensitive to New Physics in Cy and Cig

@ Thanks to photon pole the [4m,2- 1.1] bin has
enough statistics for a measurement

e Dominated by dipole operator O7
» C7 already very constrained by b—sy

» Deviation pointing to underestimated systematic?
e SM LU is broken close to threshold

e LUV breaks cancellation of form factors

Martino Borsato - Heidelberg U.

Ry

[0.045, 1.1]

B.Capdevilla et al arXiv:1704.05340

Ry

1.1, 6.0]
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Anomalies in b—suu (7)

@ Community has critical look on cc
loop mimicking NP effect in Co 0*
(vector current)

b e s
Ciuchini et al NPPP 285-286 (2017) 45-49 (}g Eﬂj >
B K*
@ Possible experimental handles: ,

e NP in C9 would give helicity and g2
independent effect while hadronic Global fit as a function of g2
effects could be helicity and g2 10

0.5 - no g2 dependence

dependent in current data
0.0
W.Altmannshofer et al Eur.Phys.J. C77 (2017) no.6, 377

e Perform full angular analysis ot €5 107 I
B—K*uu including cc resonances o

—2.0 1

and measure interference phases e
Blake et al., arXiv:1709.03921 flavio . 2

-3.0
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